Sickle cell disease (SCD) is associated with pulmonary hypertension (PH) which results in high morbidity and mortality.
1 There are well-established therapies for pulmonary arterial hypertension (PAH), but few reports about their use in SCDPH. 2 We report the clinical course of 11 SCDPH patients on maximal supportive therapy including other pulmonary vasodilators, who received compassionate therapy with prostacyclin-analogs at four PH treatment centers. Inclusion criteria for this retrospective study included PH diagnosis by standard right heart catheterization (RHC), and prostacyclin-analog therapy via any route of delivery for at least four weeks. Data were collected subject to availability in the medical record, including type of prostacyclin-analog therapy, maximal dose and duration, and follow-up data at least 100 days after initiating therapy. Statistical analyses were performed using GraphPad Prism version 5.0 (La Jolla, CA, USA), using paired t-test and haematologica 2017; 102:e163 N  HBS  100  318  360  82  64  -2.2  153  226  6  f  59  Y  HBS  88  369  309  54  33  2  2.3  210  188  7  m  18  Y  BS  85  375  -55  -----8  m  42  N  HB  64  194  366  109  40  --673  258  9  f  32  N  HBS  59  218  342  -----651  10  f  32  Y  H  96  --92  69  ----11  f  52  N  HB  86  280  360  32  ---10  87  mean  41  86  329  369  64 Pearson product-moment correlation. P<0.05 was considered significant. Age, sex, and distribution of hemoglobinopathies of our patients are similar to those of other published cohorts.
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The hemodynamic profile reveals elevated right atrial pressures and mean pulmonary arterial pressure (mPAP), with relatively higher cardiac outputs and lesser elevation in pulmonary vascular resistance (PVR), as typically seen in SCDPH. However, notably, the average cardiac output was lower than that of other cohorts, with or without PH. 5 All patients in our cohort met risk criteria identified in our recent report (PVR ≥115 dyn·s·cm -5 , mPAP ≥28 mmHg and transpulmonary gradient ≥12 mmHg) which are each strongly correlated with increased mortality in SCDPH. 6 All patients were on background therapy (oral pulmonary vasodilator) which they had tolerated with clinical improvement. The physicians treating these patients offered them a trial of prostacyclin-analog therapy due to worsening of their clinical condition and RHC evidence of progressive PH.
The results are detailed in Table 1 . Two patients received inhaled prostacyclin-analog therapy initially, later transitioning to subcutaneous infusion prostacyclin-analog, yielding 13 courses of prostacyclin therapy in 11 patients. All patients had transpulmonary gradients considerably above 12 mmHg. Most had pulmonary vascular resistance (PVR) values typical of high cardiac output disorders, such as those with severe anemia or large ventriculoseptal defects, who have very low baseline PVR that rises into the "normal" range as mPAP rises. Seven patients were diagnosed with chronic thromboembolic pulmonary hypertension (CTEPH) by computed tomography angiography and/or nuclear medicine ventilation perfusion scans. The remainder had no identifiable risk factor for PH besides SCD. All parenteral therapies were initiated in-patient, with gradual dose escalations (most of the patients received treprostinil 0.5 -1.25 ng/kg/min every 12 -24 hours up to an approximate dose of 15 ng/kg/min, and then escalated every 3-6 days by 1.25 ng/kg/min). Maximal doses were identified at a median of 19.2 weeks after initiation of prostacyclin-analog therapy. Median duration of follow up in living patients was 13 months after the initiation of prostacyclin-analog therapy.
In 10 cases in which both pre-and on-therapy data were available, right ventricular systolic pressure (RVSP) decreased significantly from baseline measurements over a median of 20.4 weeks of prostacyclin therapy (mean ± standard error, 69 ± 24 vs. 45 ± 14 mmHg, P= 0.008) ( Figure  1A) , an average decrease of 35%. In 9 cases in which sufficient data were available, six minute walk test distance (6MWD) trended upward by an average of 20% (39m) over a median of 28.3 weeks (331 ± 93 m vs. 370 ± 35 m, n = 9, P= 0.14) ( Figure 1B ). There was no discernible difference in 6MWD and RVSP response to prostacyclin-analogs between the PH and CTEPH subgroups.
Changes in RVSP were most pronounced in patients receiving subcutaneous infusion of prostacyclin-analog, with an average decline of 27 mmHg (n=5), compared with decreases of 21 mmHg (n=2) with intravenous and 18 mmHg (n=3) with inhaled administration ( Figure 1C) . For all treated patients, RVSP improved modestly in the first ten weeks, and the largest observed response 11-20 weeks after initiating therapy ( Figure 1D ). RVSP change was less pronounced in patients on therapy for 21-52 weeks or longer. Reduction of RVSP was highly proportional to dose of drug administered by intravenous or SQ routes (r = -0.7545, P=0.01) ( Figure 1E ).
The 13 courses of prostacyclin-analog initiations were evaluated for complications. Ten patients reported the fol- lowing: inguinal swelling, headaches, dizziness, pharyngeal symptoms, jaw pain, painful injection sites, bacteremia and line sepsis. Two deaths occurred in the cohort. The first death was of unknown etiology in a patient receiving intravenous prostacyclin-analog therapy for four years. The second death was due to right ventricular failure in a patient receiving subcutaneous therapy for six months. This is the first report of prostacyclin therapy ever reported in an SCD cohort of this size and addresses an area of controversy concerning management of SCDPH. 7, 8 Use of prostacyclin-analog therapy is well established in idiopathic PAH, but not necessarily in other forms of PH. 9 The modes of delivery and the prostacyclin-analogs were non-homogeneous; nonetheless, this report is helpful for its description of the response and tolerability of this previously undocumented intervention. There is precedence for similar reports. [10] [11] [12] To date, prostacyclin-analog therapy has not been recommended for SCDPH due to apparent fear of high-cardiac output pulmonary edema, line sepsis, and line thrombosis. The only relevant publication is a brief report describing tolerance of continuous intravenous epoprostenol in one patient for 1.5 years.
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Despite our small number of subjects, we found a significant response in the RVSP. Although follow-up RHC results would be preferable for a literature report, 13 we found insufficient follow-up RHC data in our clinical chart review to report. The greatest RVSP response was in the subcutaneous prostacyclin-analog group, although the number of patients is too small to draw definitive conclusions. Improvement in RVSP appeared to peak after the first two months of therapy. RVSP decreased after four months, but was still higher after one year than the initial value. Improvement in RVSP was highly proportionate to the dose delivered, suggesting an important dose-response relationship. This implies a true pharmacological effect in SCDPH and emphasizes the clinical importance of aggressive dose titration, similar to other forms of PH.
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We observed apparent signs of functional improvement. The increment in 6MWD was a statistical trend in this small number of patients, but its magnitude of change despite background therapy seems striking. Our observed median difference of 39m is in line with criteria of the minimal clinically important difference required for prospective controlled trials in PH, established as 33-40m.
Complications were common with prostacyclin-analog therapy, but no greater than expected. 6 There were no episodes of high cardiac output pulmonary edema. Two deaths occurred, one due to right ventricular failure. Finally, while the mortality rate in this cohort is high, the mortality among SCDPH patients is already quite high, making it difficult to determine outside a controlled study as to whether the intervention is able to impact the high baseline mortality reported previously. The limitations of this retrospective study are the small number of patients, the heterogeneity of disease and treatment modalities, and the varying time of enrollment.
In this cohort of 11 SCD patients, parenteral, especially subcutaneous, prostacyclin-analog therapy was well tolerated and appeared to be effective. Although more experience is needed, there is no evidence that clinicians should avoid prostacyclin therapy when clinically indicated in patients with SCD and PH.
